Previous studies have shown increases in ambulatory short-term blood pressure (BP) variability to be related to cardiovascular disease. In this study, we examined whether the angiotensin II type 1 receptor blocker (ARB) would improve ambulatory shortterm BP variability in hypertensive patients with diabetic nephropathy. A total of 30 patients with type II diabetes, along with hypertension and overt nephropathy, were enrolled in this randomized, two-period, crossover trial of 12 weeks of treatment with losartan (50 mg daily) and telmisartan (40 mg daily). At baseline and at the end of each treatment period, 24-h ambulatory BP monitoring with power spectral analysis of heart rate and measurements of proteinuria, estimated glomerular filtration rate and brachial-ankle pulse wave velocity (baPWV) were performed. After 12 weeks of treatment, 24-h, daytime and nighttime shortterm BP variability, assessed on the basis of the coefficient of variation of ambulatory BP, was significantly decreased by telmisartan. Both losartan and telmisartan reduced urinary protein excretion and baPWV. However, compared with losartan, telmisartan significantly decreased urinary protein excretion, baPWV and low-frequency (LF)-to-high-frequency (HF) ratio, an index of sympathovagal balance. Multiple regression analysis showed significant correlations between urinary protein excretion and baPWV, 24-h LF-to-HF ratio, nighttime systolic BP and 24-h short-term systolic BP variability. These results suggest that ARB, particularly telmisartan, is effective in reducing proteinuria in hypertensive patients with overt diabetic nephropathy, partly through inhibitory effects on ambulatory short-term BP variability and sympathetic nerve activity, in addition to its longer duration of action on nighttime BP reduction.
INTRODUCTION
Cardiovascular disease is the main cause of death in diabetic patients with nephropathy, 1 and hypertension is a major risk factor for cardiovascular disease in these patients. 2 In particular, findings of pathological cardiovascular remodeling such as atherosclerosis are frequently found in diabetic patients with nephropathy, and have been identified as independent risk factors for mortality. 3, 4 Cardiovascular remodeling is an adaptive response to hemodynamic as well as nonhemodynamic stimuli, such as hypertension and vasoactive agents. Therefore, the intensive management of hypertension is critically important for the prevention of cardiovascular complications in patients with diabetic nephropathy.
Ambulatory blood pressure (BP) monitoring allows the acquisition of critical information on not only the average 24-h BP but also on the variations in BP values that occur in the course of daily life. Among the several parameters obtained by ambulatory BP monitoring, previous studies have shown that BP variability is a complex phenomenon that involves both short-and long-lasting changes. 5 Thus, the 24-h BP varies not only because of a reduction in BP during nighttime sleep and an increase in the morning, but also because of sudden, quick and short-lasting changes that occur both during the day and, to a lesser extent, at night. This phenomenon, short-term BP variability, has been shown to depend on sympathetic vascular modulation and on atherosclerotic vascular changes. 5, 6 Short-term BP variability is suggested to be clinically relevant by the fact that hypertensive patients with similar 24-h mean BP values exhibit more severe organ damage when the short-term BP variability is greater. 5, 7 In addition, we, along with others, have reported that short-term BP variability, estimated as the s.d. or coefficient of variation in noninvasive ambulatory BP monitoring, is associated with cardiovascular disease. [7] [8] [9] [10] [11] [12] The circadian pattern of BP in diabetic patients has been found to exhibit a blunted nocturnal decrease in BP, which is associated with autonomic neuropathy and nephropathy. 13, 14 The loss of nocturnal BP dipping has been considered to be a risk factor for the progression of nephropathy and to be of prognostic value with respect to target organ damage and cardiovascular morbidity in both diabetic and hypertensive patients. [15] [16] [17] [18] [19] [20] With respect to the pathological significance of short-term BP variability in diabetics, a recent study showed nighttime short-term BP variability to be related to cardiovascular events in type II diabetic patients, 21 and thus short-term BP variability may take part in the progression of diabetic nephropathy and associated cardiovascular complications. Therefore, more and better evidence on shortterm BP variability could lead to a more precise understanding of the pathogenesis, and hence potential treatment, of diabetic nephropathy and its cardiovascular complications.
Activation of the renin-angiotensin system is also shown in the pathogenesis of diabetic nephropathy and its cardiovascular complications through the generation of angiotensin II (Ang II), a key regulator of cardiovascular homeostasis. The Ang II type 1 receptor (AT1 receptor) is responsible for most of the pathophysiological actions of Ang II, and AT1 receptor blockers (ARBs) have been shown to exert various protective effects on diabetic nephropathy and its cardiovascular complications, at least partially, through a reduction in urinary protein excretion. 22 However, there have been no studies examining the effects of ARB on short-term BP variability and comparing the associations of BP variability with urinary protein excretion and atherosclerosis in hypertensive patients with type II diabetes. Furthermore, previous studies have reported that telmisartan has a long-term half-life with peroxisome proliferator-activated receptor-g-activating property and a recent AMADEO study showed that telmisartan is superior to losartan in reducing proteinuria in hypertensive patients with diabetic nephropathy. 23, 24 Therefore, in this study, we examined the possible effects of ARB losartan and telmisartan on diurnal BP profile, including the ambulatory short-term BP variability in hypertensive type II diabetic patients with overt nephropathy.
METHODS

Study design and population
This study was a prospective, randomized and crossover trial consisting of a 4-week observation period and two treatment periods, each lasting 12 weeks. After the observation period, along with the discontinuation of any previous ARB, eligible patients were randomized to either losartan or telmisartan treatment with a crossover to another ARB. The once-daily dose was 50 mg for losartan and 40 mg for telmisartan, and patients were asked to take the ARB once in the morning everyday. Other medications were not changed during the whole study period, including the observation period.
Inclusion criteria were an age X18 years, a history of type II diabetes mellitus, mild-to-moderate hypertension (clinic systolic BP X130 mm Hg and/ or diastolic BP X80 mm Hg or receiving antihypertensives), urinary protein excretion X0.3g per day and serum creatinine o3 mg per 100 ml. Urinalysis was performed to eliminate the possibility of other abnormalities, such as hematuria and so on. Exclusion criteria included patients who were receiving an angiotensin-converting enzyme inhibitor, women who were nursing or pregnant, patients with nondiabetic renal disease, clinically significant heart disease, stroke, renal artery stenosis, hepatic dysfunction and known hypersensitivity to any component of the study medications.
Proteinuria was determined as the geometric mean of three consecutive 24-h urine collections, completed immediately before the visit at the end of the observation period and each treatment period. Venous blood samples for measurement of hematological and biochemical parameters were collected in the morning after an overnight fast on the same day. Renal function was assessed with the estimated glomerular filtration rate using the abbreviated MDRD (Modification of Diet in Renal Disease) Study equation modified by a Japanese coefficient. 25 The study was approved by the ethics committee of Yokohama City University Hospital, and written informed consent was obtained from every subject.
Determination of 24-h BP and short-term BP variability
Ambulatory BP monitoring was performed at the end of the observation period and each treatment period. Ambulatory BP and heart rates (HRs) were monitored every 30 min using a fully automated device (TM-2425, A&D, Tokyo, Japan), essentially as described previously. 26 The patients were instructed to fill out a diary to record the time of sleeping, rising and other daytime activities. Therefore, the term 'day' and 'night' hours used in this study reflect the average period during which the subjects were awake/upright and asleep/supine, respectively.
Short-term BP variability, which comprised coefficients of variation of BP values obtained from ambulatory BP monitoring, is defined as the withinsubject s.d. of all systolic and diastolic readings at 30-min intervals divided by mean BP during the course of the measurement periods. HR variability, which comprised the coefficients of variation of HR values, is defined as the withinsubject s.d. of all HR values at 30-min intervals divided by mean HR. 8, 9, 26 Electrocardiogram and power spectral analysis of R-R intervals
Electrocardiogram tracings were obtained with a precordial lead (V5) with ambulatory BP monitoring, and variations in R-R intervals and ST level trendgrams were analyzed as described previously. 27 Briefly, 512 R-R intervals were recorded at a resolution of 7.8 ms and were analyzed after fast Fourier transformation using appropriate software (A&D). The power spectral densities of oscillations were divided into two ranges: a low-frequency (LF) component in the range of 0.05-0.15 Hz and a high-frequency (HF) component in the range of 0.15-0.4 Hz, as an index of parasympathetic nerve activity. The LF-to-HF ratio was calculated as an index of sympathovagal balance.
Brachial-ankle pulse wave velocity
The brachial-ankle pulse wave velocity (baPWV) values were determined using a PP analyzer (model: BP-203RPEII; Nihon Colin, Tokyo, Japan). Pulse volume waveforms were recorded with sensors placed over the right brachial artery and both tibial arteries. The baPWV values measured using this method are reported to significantly correlate with the aortic PWV measured by the catheter method. 28 
Statistical analysis
Quantitative data are expressed as means±s.e.m. For the statistical analysis of difference between groups, analysis of variance, followed by Scheffe's F-test, was used. Paired samples were compared by a paired comparison's t-test. A P-value o0.05 was considered to be statistically significant.
RESULTS
The main characteristics of the study patients at baseline are shown in Table 1 . Although the values of body mass index (29.3 ± 1.6 kg m À2 ) were apparently greater than normal range values (18.5-24.9 kg m À2 ), we did not evaluate the patients for possible complications of sleep apnea syndrome.
Effects of losartan and telmisartan on ambulatory BP and its shortterm variability Table 2 shows 24-h, daytime and nighttime ambulatory BP and HR values, and their variability at baseline and after 12 weeks of treatment with losartan or telmisartan. Both losartan and telmisartan significantly decreased all the values of 24-h, daytime and nighttime ambulatory BP after the 12-week treatment. Although telmisartan treatment significantly decreased 24-h, daytime and nighttime HR, losartan treatment lowered only nighttime HR. With respect to shortterm BP variability, telmisartan significantly decreased the values of 24-h, daytime and nighttime systolic/diastolic BP variability. However, losartan did not affect the values of short-term BP variability. Overall, telmisartan treatment caused a significantly greater improvement in nighttime systolic BP and 24-h, daytime and nighttime systolic/ diastolic BP variability, with a decrease in 24-h and daytime HR and an increase in nighttime HR variability.
Effects of losartan and telmisartan on the power spectral analysis of R-R intervals Table 3 shows 24-h, daytime and nighttime LF-to-HF ratios at baseline and after 12 weeks of treatment with losartan or telmisartan. Although both losartan and telmisartan treatments significantly decreased 24-h and nighttime LF-to-HF ratios, only telmisartan treatment significantly lowered the daytime LF-to-HF ratio. As a result, telmisartan treatment caused a significantly greater improvement in 24-h and daytime LF-to-HF ratios.
Effects of losartan and telmisartan on urinary protein excretion and baPWV Although the 12-week losartan and telmisartan treatments did not affect the estimated glomerular filtration rate, these treatments significantly decreased urinary protein excretion, and telmisartan treatment did result in a greater improvement in the urinary protein excretion (Figure 1) . Furthermore, although baPWV was decreased by both losartan and telmisartan treatments, telmisartan brought about a greater improvement in baPWV (Figure 1) . With respect to glycemic control, the values of HbA1c (hemoglobin A1c) did not differ significantly after the 12-week losartan and telmisartan treatments (data not shown).
Multiple regression analysis for the determination of factors contributing to the regression of proteinuria The results of ambulatory BP profiling in Table 2 , power spectral analysis in Table 3 and measurement of baPWV and urinary protein excretion in Figure 1 showed that telmisartan treatment improved 24-h, daytime and nighttime systolic/diastolic BP variability, 24-h and daytime HR, nighttime systolic BP, nighttime HR variability, 24-h and daytime LF-to-HF ratios, as well as baPWV, with a concomitant reduction in proteinuria, better than losartan treatment. Therefore, we chose these parameters for a further regression analysis to examine factors important for the regression of proteinuria. Multivariate stepwise linear regression analysis of urinary protein excretion for variables including 24-h, daytime and nighttime systolic BP variability, 24-h and daytime HR, nighttime systolic BP, nighttime HR variability, 24-h and daytime LF-to-HF ratios, as well as baPWV indicated significant associations between urinary protein excretion and 24-h HR, 24-h systolic BP variability, 24-h LF-to-HF ratio and nighttime systolic BP (Table 4) . Urinary protein excretion was also significantly associated with baPWV (Table 4) .
DISCUSSION
The results of this study show that both losartan (50 mg daily) and telmisartan (40 mg daily) treatments significantly decreased 24-h, daytime, nighttime ambulatory BP, baPWV and urinary protein excretion in hypertensive patients with overt type II diabetic nephropathy. However, telmisartan 40 mg decreased nighttime systolic BP and 24-h, daytime and nighttime systolic/diastolic short-term BP variability, baPWV, as well as urinary protein excretion better than losartan 50 mg. These data suggest that the benefit of ARB therapy, particularly telmisartan, for patients with hypertension and overt diabetic nephropathy, results from inhibition of proteinuria and pathological vascular remodeling, at least in part, through improvements in the nighttime BP level and 24-h short-term BP variability. In this study, the coefficient of variation in the BP measured every 30 min was used as an index of short-term BP variability to assess the circadian BP patterns in hypertensive patients with overt diabetic nephropathy. Although the sympathovagal balance is reported to be a major determinant of short-term BP variability, it is also affected by atherosclerotic changes in the vascular wall in patients with cardiovascular disease. 5, 6 The increase in short-term BP variability may be Abbreviations: baPWV, brachial-ankle pulse wave velocity; BP, blood pressure; HF, high frequency; HR, heart rate; LF, low frequency. The independent variables entered in the model for multivariate stepwise regression analysis are as follows; 24-h, daytime and nighttime systolic BP variability, 24-h and daytime HR, nighttime systolic BP, nighttime HR variability, 24-h and daytime LF-to-HF ratios and baPWV. The variables which showed a P-value X0.05 in the multivariate relations were excluded from the table (R 2 ¼0.8134, Po0.001).
partly explained by a disordered baroreflex function associated with autonomic neuropathy and an increased stiffness of large elastic arteries. Several previous studies have reported that short-term BP variability estimated by noninvasive ambulatory BP monitoring is associated with cardiovascular disease in hypertensive patients. [8] [9] [10] The results of our previous cross-sectional study also showed that short-term BP variability was significantly increased in overt diabetic nephropathy patients with coronary artery disease, 26 and in particular, an increase in nighttime short-term BP variability was associated with the plasma concentration of noradrenaline, as well as with the prevalence of coronary artery disease in these diabetic nephropathy patients. 26 There is a well-established role for the renin-angiotensin system in promoting hypertension-and diabetes-related organ damage, including atherosclerosis and diabetic nephropathy. Reducing proteinuria is critically important for the regression of chronic kidney disease including diabetic nephropathy, 29 and evidence indicates that ARB not only prevents progression but also induces a reversal of diabetic nephropathy, mainly by reducing proteinuria. 22 The results of this study show that decreases in the mean ambulatory BP levels during both day and night were accompanied by decreases in short-term BP variability by telmisartan. Thus, it is likely that telmisartan is effective for the improvement of short-term BP variability in addition to its general BP-lowering effect in hypertensive patients with overt diabetic nephropathy.
Although a recent AMADEO study showed that telmisartan was more effective than losartan in reducing proteinuria in hypertensive patients with diabetic nephropathy at levels of BP that were not different between the telmisartan and losartan treatment groups, the possible mechanisms involved in this difference in antiproteinuric effect were not elucidated. 24 In this study, a more beneficial effect of telmisartan in reducing urinary protein excretion than losartan was accompanied by a more potent inhibitory effect of telmisartan on short-term BP variability and by its better lowering effect on nighttime systolic BP. Impaired diurnal autonomic nervous rhythm and proteinuria are closely related to the blunted decline in nocturnal BP and the resultant increase in nighttime BP, which is mainly caused by the comparative increase in sympathetic nerve activity. 30, 31 We previously showed that short-term BP variability was increased, at least partly, by the relative predominance of sympathetic nerve activity. 26 In this study, the decreasing effects of telmisartan on short-term BP variability and nighttime BP level were accompanied by a reduction in the LF-to-HF ratio, an important index of sympathetic nerve activity. 32 Numerous studies have shown that Ang II enhances the sympathetic nervous system at various levels through the activation of presynaptically located AT1 receptor, and the sympatholytic properties of ARB have been examined. 33, 34 Previous studies have shown that the order of potency of the sympatho-inhibitory effect was telmisartan4 losartan in several different experimental models. 35 Importantly, accumulated evidence indicated that telmisartan has a longer half-life, and thus a longer duration of action, than does losartan. 36 For example, a previous comparison of the antihypertensive profiles of telmisartan and losartan on ambulatory BP disclosed that telmisartan 40 mg once daily produced a significantly greater BP reduction, particularly during nighttime, than did losartan 50 mg once daily in patients with mild-to-moderate hypertension, 37 and other studies reported that the BP-lowering effects of telmisartan were stronger than those of losartan in the morning and during the last 6 h of the 24-h dosing interval. 38, 39 Therefore, although we have not directly examined the effects of losartan and telmisartan on morning BP profile, including morning BP surge and on possible relationships between morning BP and urinary protein excretion in this study, the beneficial effect of telmisartan on reducing proteinuria should be, at least partly, because of a longer half-life and more potent action on nighttime BP lowering at a once-daily dose.
As a limitation of this study, the use of a single dose of losartan (50 mg) and telmisartan (40 mg) allows no definite conclusions with regard to relative efficacies at this stage in the absence of multiple dose comparisons. For example, if losartan is administered at a twice-daily dose or a larger dose, the results of comparison between losartan and telmisartan with respect to diurnal BP profile and urinary protein excretion may differ from the results of this and it may happen that losartan shows equal or more beneficial effects. Therefore, we need to perform multiple dose comparisons in a future study.
Finally, the multiple regression analysis showed significant correlations between urinary protein excretion and baPWV, 24-h LF-to-HF ratio, nighttime systolic BP, 24-h short-term systolic BP variability and 24-h HR. These results suggest that short-term BP variability, as well as nocturnal BP and sympathetic nervous system activity, can impact the progression of overt diabetic nephropathy by exerting an influence on urinary protein excretion. In addition, there was a significant correlation between urinary protein excretion and baPWV. Recent studies have shown urinary protein excretion to be more closely associated with baPWV than with ambulatory BP level, 40 and that baPWV increased with a decrease in renal function or with proteinuria independently of other risk factors, 41 thereby supporting the results of this study.
In conclusion, the results of this study suggest that decreases in nighttime BP and short-term BP variability may be involved in the additional beneficial suppression of proteinuria in hypertensive patients with overt diabetic nephropathy. Furthermore, telmisartan may exert its renal protective effects partly through an inhibitory effect on short-term BP variability and sympathetic nerve activity, in addition to its longer duration of action on nighttime BP reduction.
